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Simulation on the performance of an automobile climate control
system with Internal heat exchanger and TXV

Cha-Sik Park

Division of Mechanical and Automotive Engineering, Hoseo University
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Abstract Recently, automobile air conditioning systems have applied an alternative refrigerant that can
replace the high GWP refrigerant R134a due to the global warming problem. This study simulated the
performance of an automobile climate control system with an internal heat exchanger and TXV.
Refrigerant R1234yf was applied as the working fluid. Amesim, a commercial software program, was used
to model the main components of the compressor, condenser, TXV, evaporator, and internal heat
exchanger. As the outside temperature increased from 30T to 40T, the cooling capacity of the system
decreased by 3.1%, and the power consumption of the compressor increased by 17.1%. In addition, The
performance characteristics of the refrigeration cycle were simulated by increasing the fin pitch of the
condenser from 0.8 mm to 1.4 mm. When the fin pitch was larger than 1.0 mm, the condenser capacity
decreased, and the system COP was lowered by 5.9%. When the fin pitch of the condenser was 0.8 mm,
which was smaller than 1.0 mm, there was no significant change in the system performance. Hence, the

optimal performance was observed at a fin pitch of 1.0 mm.
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Fig. 1. Schematic diagram of automotive refrigeration
cycle using Amesim software.
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Table 1. Input conditions of compressor

Variable Input value
Comp. displacement 80 cm’
Comp. revolution 2000 rpm
Volumetric eff. 0.6
Efficiencies Isentropic eff. 0.75
Mechanical eff. 0.9
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Table 2. Input conditions of condenser

Variable Input value
Width 525 mm
Size Height 403 mm
Depth 12 mm
Fin pitch 1.2 mm
Fin thickness 0.1 mm
Fin length 12 mm
Tube channel hydraulic diameter 1.2 mm

Fig. 2. Condenser shape for modeling.
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Fig. 3. Schematic diagram of condenser model.

Table 3. Input conditions of TXV

Evap. outlet temp. [C] Evap. outlet pressure [kPal

-30 200
0 300
30 600
Valve lift [mml] Evap. outlet pressure [kPal
0 300
0.5 100
Valve lift [mm] Ref. mass flow rate [kg/h]
0 0
0.5 300
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Table 4. Input conditions of evaporator

Variable Input value
Width 232 mm
Size Height 175 mm
Depth 71 mm
Fin pitch 1.6 mm
Fin thickness 0.18 mm
Fin length 9.2 mm
Tube channel hydraulic diameter 2.8 mm

Refrigerant side
crasssectional —
area per half
plate and
hydraulic
diameter |

Channel
thickness|/

Channel  Plate periodicity
thickness

Fig. 4. Evaporator shape for modeling.
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Table 5. Operation conditions

Items Operation conditions
Fan speed 2000 rpm
Condenser
Fin pitch 0.8, 1, 1.2, 1.4 mm
Evaporator Air flow rate 0.15 kg/s
Outdoor temperature 30T, 35T, 40T
Indoor temperature 27T
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Fig. 7. Quality change through tube pass in

condenser.
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